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Abstract 
A novel haematology analyser was evaluated for its use with feline samples. 
Complete blood cell counts, a five-part differential count, and reticulocyte numbers were 
determined, and the results compared with reference data. Coefficients of correlation, 
Passing-Bablok regression analysis and Bland-Altmann difference plots with biases and 
95% limits of agreement are reported. Precision and linearity were also studied. The 
instrument demonstrated very low imprecision, and the tested range of linearity exceeded 
the reference ranges provided by the manufacturer. For all parameters except monocytes 
(r = 0.65), the analyser results correlated well with reference methods. Compared with 
the manual count of aggregated reticulocytes, the instrument showed good agreement 
with a positive bias. The optical platelet count correlated well with the manual chamber 
count. In conclusion the analyser was found to be highly reliable for the analysis of feline 
blood samples in a large veterinary laboratory. 
 
Keywords: Sysmex XT-2000iV; Blood cell differential; Flow cytometry; Reticulocytes; 
Thrombocytes; Cat. 
 
Introduction 
Most automated cell counters for use in large veterinary laboratories have been 
developed for human blood samples. The Sysmex XT-2000iV is one of the few counters 
that have been designed to analyse blood samples from eight different species using not 
only impedance technology but also fluorescence flow cytometry. The software also 
allows the analysis of additional species. The goals of this study were to determine 
precision, linearity, and agreement between this unit and reference methods. 
 
Materials and methods 
Study design 
Blood samples from 409 cats presented at the Small Animal Clinic of the 
Vetsuisse Faculty, University of Zurich were analyzed. Samples were collected in K3-
EDTA tubes (Micro tube K3-EDTA, Sarstedt). All samples were simultaneously analysed 
using reference methods and the Sysmex within 2 h of collection.  
 
Reference methods 
The CellDyn 3500 (Abbott) was used as the reference instrument (Lilliehöök, 
1998) for total white blood cell (WBC) count, red blood cell (RBC) count, haemoglobin 
(HGB), mean cell volume (MCV), mean corpuscular haemoglobin (MCH), and mean cell 
haemoglobin concentration (MCHC). Microscopic methods were used to determine WBC 
differential, reticulocyte (RET) and platelet (PLT) counts. For the WBC differential, two 
modified Wright-stained blood smears (AMES Hema Tek slide stainer, Bayer) were 
differentiated by two technicians (100 cells each) with over 10 years experience in 
veterinary haematology. A mean of 200 cells was used to calculate the percentage and 
absolute distribution of the WBC differential.  
 
Manual RET counts were performed by enumerating the RETs as a percentage of 
1000 mature RBCs using a standard method based on Brilliant Cresyl Blue (Merck) 
stained blood smears (Cossandi and Maggiora, 1952). Only the aggregated RETs, which 
represent the more immature cells and are characterized by large clumps or strands of 
precipitated nucleoprotein (Perkins et al., 1995), were counted. Absolute values of RETs 
were calculated by multiplying the microscopically determined fraction of RETs by the 
RBC count from the CellDyn 3500.  
 
The PLT counts were determined using a Neubauer haemocytometer (Assistant 
Germany, Karl Hecht AG). The blood was diluted with a Calibra digital pipette (Socorex 
Isba S.A.) at a ratio of 1:100 in ThromboCount pur (Bioanalytic GmbH). PLTs were 
microscopically counted by two technicians with extensive experience in veterinary 
haematology. The mean of the two counts was used as the reference value. 
 
Sysmex XT-2000iV 
The Sysmex XT-2000iV is a fully automated haematology analyser for animal 
blood, which can evaluate 31 parameters in a blood sample (Supplementary File 1). 
WBCs, RETs and PLTs are analysed optically via a fluorescence flow cytometry method 
using a semiconductor laser. RBC and PLT counts are analysed by an impedance method 
using hydrodynamic focusing. For this study, the software version 10 beta was used. 
Low, normal and high levels of quality control reagents were run daily (e-CHECK, 
Sysmex corporation) in the analyzer’s QC mode.  
 
Precision 
The precision within series of the instrument was determined by analyzing 12 
consecutive times blood samples from cats with high, intermediate and low values for 
each parameter. The blood samples were stored at room temperature during the analysis. 
Precision from day to day was measured with three commercial quality control reagents 
consisting on stabilized cell preparations (e-CHECK (XE), Sysmex corporation; level 1, 
2 and 3), which were analysed once daily over a 12-day period. The size of random errors 
was determined by the calculation of the coefficient of variation (CV) for each parameter. 
 
Linearity 
Linearity was established to determine whether results outside of the reference 
range could be measured accurately. This is important, especially for elevated cell counts, 
which could be affected by the coincidence phenomenon (Strackee, 1966). EDTA-blood 
samples were centrifuged at 390 g for 5-10 min (Rotina 35 R, Hettich AG) and the 
plasma was removed. The concentrated blood cells were diluted with autologous plasma, 
in steps of 10%. The degree of linearity was determined according to Emancipator-Kroll 
(Kroll and Emancipator, 1993) using a statistic software package (Analyse-it Software 
Ltd). 
   
Agreement 
Agreement was determined by comparison of the results obtained from the 
Sysmex with those from the reference methods for a total of 409 feline blood samples.  
 
Evaluation of the clinical relevance of results obtained from the Sysmex XT-2000iV 
Data from the Sysmex and CellDyn units were compared with established 
haematological reference values for cats (Table 1). The values had been determined 
previously in the laboratory using the CellDyn 3500 and manual methods. If a Sysmex 
result suggested a different clinical conclusion to that based on the reference method, the 
result was judged with respect to the degree of the deviation. Minor deviations were 
defined as being <10% different from the lower or upper reference value. Major 
deviations were defined as discrepancies of >10%, which would have led to severe 
clinical misinterpretation.  
 
Cell aging 
To study the effect of K3-EDTA treatment on blood cell aging, blood was 
collected from seven cats, stored at room temperature, and analysed immediately or 1, 2, 
3, 4, 5, 6, 7, 8 and 24 h after collection.  
 
Statistical methods 
All data were stored using Windows XP Excel (Microsoft Corporation) and 
analysed by Analyse It (Analyse-it Software Ltd) for Excel. Agreement was tested by the 
calculation of Pearsons’s correlation coefficients (r), Passing-Bablok regression analysis 
(giving intercept and slope), and Bland-Altman difference plots providing biases with 
95% limits of agreement for each analyte. For precision analysis, standard deviation (SD) 
and CV were calculated. To test whether the differences between the methods deviated 
significantly from zero, the Wilcoxon Signed rank test was used (Jensen, 2000). To 
assess significant differences between two time points in the cell aging experiment, a 
paired t test was performed. P ≤ 0.05 was considered significant. 
 
Results 
Display of measured values 
Results are shown with a graphical display of the reference ranges, as well as dot 
plots in the form of scattergrams and histograms. Cell populations are represented by 
coloured clouds – neutrophils were marked light blue, lymphocytes purple, monocytes 
green, eosinophils red, and cell debris dark blue (Fig. 1a). The correct differentiation of 
cells was estimated visually; an experienced user can use these scatter- and histograms to 
obtain further information about the blood samples. 
 
Precision 
The results of the precision study are summarized in Supplementary file 2.  
 
Linearity (Table 2) 
Fig. 2 shows the corresponding graph for RBC. The linearity of monocytes and 
basophils was not evaluated due to the low cell numbers. The Sysmex demonstrated 
excellent linearity for RBCs, HGB, HCT, NEUs, LYMs, EOS and PLTs in the ranges 
provided by the manufacturer. For WBCs, linearity was maintained up to 100x103/µL, 
and for RETs, up to 98.0 x 103/µL, with a good correlation. 
 
Agreement (Table 3) 
Bland-Altman difference plots for WBCs, RBCs, HCT, PLTs, NEUs, LYMs, 
EOS, MONOs and RETs are presented in Fig. 3. Passing-Bablok regression and Bland-
Altman difference plots for HGB, MCV, MCH, MCHC and BASOs are in 
Supplementary file 3. Visual inspection of the results revealed values that were clearly 
apart from the regression line and clearly apart from the limit of the 95% confidence 
interval, and were, therefore, considered outliers. A total of 22 outliers were identified for 
WBCs (2), HGB (1), HCT (6), NEUs (1), MONOs (4) and BASOs (1), PLTs (2) and 
RETs (5). 
 
In cases where the Sysmex was not able to differentiate between at least two cell 
types, it did not display the results for those cells in the normal display mode, but in the 
research mode. In the scattergram, cells that could not clearly be assigned to a given 
population were thus shown in grey, and a manual differential should be done. When 
samples with unassigned cells were removed from the evaluation, the correlation 
coefficient increased considerably: NEUs 0.94 to 0.98; LYMs 0.45 to 0.92; MONOs 0.2 
to 0.65; EOS no change, BASOs no research data. 
 
A strong association was found between a left shift of the neutrophils and the 
occurrence of a shifted cloud of neutrophils in the scattergram to the upper left or a fusion 
with the clouds of lymphocytes and/or monocytes (Fig. 1b). Seventeen out of 70 samples 
with a left shift showed fused clouds, and the Sysmex was not able to differentiate 
between those populations; 39/70 samples showed fused clouds, but a differentiation was 
made. In the other 14 samples, no distinctive feature was seen in the scattergram.  
 
Message codes 
 One or more message codes were displayed in 379/409 samples. A total of 49 
samples generated the message code ‘abnormal WBC scattergram’ because of difficulties 
in assigning cells to a certain population. The blood smears of these samples showed that 
in 19 cases, a left shift of the neutrophils was present, while 11 contained aggregated 
platelets or giant platelets. Three samples came from cats with tumours (lymphomas due 
to infection with feline leukaemia virus [FeLV]), where tumour cells appeared in the 
blood. For the remaining samples (n = 16), no obvious errors could be found.  
 
In 373/409 analysed samples, the message code ‘abnormal distribution of PLT’ 
was displayed. Of the 36 samples that did not show this message code, 19 were below, 15 
within, and two above the reference value for PLTs.  
 
Cell aging 
The parameters WBC, MCH, and PLT-O remained unchanged during the 24 h 
analysis period. The parameters RBC, HCT, HGB, MCV, NEU, EOS, and RET increased 
during the 24 h of the study, while MCHC, LYM, MONO, and PLT-I decreased. HCT 
increased by 17.6% over 24 h, MCV increased by 15.2% and RET increased by 41% over 
the observation period. 
 
Discussion 
The results of the 409 samples obtained with the Sysmex were compared with the 
results obtained using reference methods. For RBCs and HGB, the discrepancies were 
only minor and would not have led to different clinical conclusions. Different clinical 
conclusions were drawn in the following samples: 26/409 samples showed deviations 
from the reference method for WBCs, which would have led to a different clinical 
interpretation. Of these 26, the deviations were minor in 20 samples and major in six 
samples where the Sysmex overestimated WBC counts compared to the CellDyn. Two 
cats tested positive for FeLV - one had 60% lymphoblasts in the WBC differential. For 
the remaining samples no obvious reason for the major deviation could be identified.  
 
In the WBC differential major deviations were found in 20/27 cases for LYMs, 
31/35 cases for MONOs, 5/9 cases for NEUs, and 28/41 for EOS. It can be assumed that 
random error of the manual microscopic differentiation was the major cause of the 
deviations. The imprecision of the manual differential was extremely high for those 
WBCs present in a smaller proportion in the blood (Table 4) i.e. MONOs, EOS, BASOs 
and in lymphopenic animals, LYMs (Dutcher, 1984; Kjelgaard-Hansen and Jensen, 
2006).  
 
One advantage of an electronic cell counter over manual differentials is the high 
number of cells counted during each measurement. This results in better statistical 
distribution and higher measurement precision compared to any microscopic method 
(Pohland, 1989). Provided that morphological changes of WBC do not interfere with the 
automated analyzer and that the instrument is able to provide the WBC differential, 
results obtained by the Sysmex are more likely to be correct compared to manual WBC 
differentials.  In one blood sample with major deviations for LYM count, the Sysmex 
strongly overestimated LYMs due to the presence of 17 nucleated red blood cells. In a 
second sample with 90% lymphoblasts, again the Sysmex strongly overestimated LYMs 
count causing a major deviation in this leukocyte subpopulation.   
 
The reference method for RET count used in the present study is known to be 
highly imprecise (Savage et al., 1985). The CV for the manual RET count was 31.4% for 
high, and 36.7% for low RETs, whereas the Sysmex had much lower CV for RET counts 
(Supplementary file 2, Tables S1 and S2). Reticulocytosis was detected by the reference 
method in 38/100 feline samples. The Sysmex identified 37/38 cases with reticulocytosis 
correctly. In addition, the Sysmex found reticulocytosis in 28/100 feline samples, where 
the manual count resulted in normal RET counts. These 28 samples were most likely 
taken from cats with regenerative anaemia at a later stage and were mostly punctate RETs 
in the blood (that would not have not been taken into account by the manual reference 
method) which explains the moderate correlation and the strong positive bias.  
 
The IRF, which represents the more immature RETs with the highest RNA 
content, showed a very strong negative bias due to a proportional systematic error 
compared to the manual RET count. This indicates that IRF does not represent all 
aggregate RETs counted by the manual method, and that RET fractions provided by the 
instrument cannot be used to distinguish aggregate from punctuate RETs.  The Sysmex 
appears to be a more precise method for RET counts, and is suitable for evaluating trends 
over time. The establishment of reference values for RETs by the Sysmex fluorescence 
flow cytometry technique avoids misclassifications of feline anaemia.  
 
Because of its ability to count feline PLTs through the use of a fluorescent nucleic 
acid dye, the Sysmex overcomes the problem of size-overlapping between RBCs and 
PLTs in the cat. The correlation between the manual count and the optical PLT count was 
fairly good, and only a very small negative bias due to a proportional systematic error 
occurred. Even the few samples with major deviations would not lead to different clinical 
conclusions. The counting of PLTs is often complicated by the fact that they cluster 
together. In such cases, PLT counts cannot be determined exactly, but only estimated. In 
our study, in 31/131 samples, the PLTs were present in clusters and these samples had to 
be excluded from statistic analysis.  
 
The correlations for MONOs, BASOs and MCHC were less satisfactory. This can 
mainly be attributed to the narrow concentration range of MONOs and MCHC in this 
calculation. BASOs were extremely rarely reported in this study. CVs within series of up 
to 3% are usually considered good and CVs of up to 5% are acceptable for cell counts 
(Wegmann et al., 1997). Good precision was achieved for the measurements of all RBC 
parameters. The optical PLTs showed good to acceptable precision. The precision for 
WBCs, NEUs, LYMs (except for high numbers, which were moderate), and MONOs 
(except for low numbers, which had a CV of 21%) were good to acceptable. The rather 
high CVs of EOS and BASOs can be explained by the low mean values and cannot be 
attributed solely to the measurement system.  
 
The message code ‘platelet abnormal distribution’ was seen in 373/409 samples. 
This is due to the fact that cats have large platelets, which are similar in size to small 
erythrocytes, making it nearly impossible to clearly distinguish between these two 
components. Nonetheless, 36 samples did not show this message code. Of these, 21 were 
either below or above and 15 were within the reference value. 
 
Blood collection is associated with several pre-analytical variables, including the 
correct ratio of anticoagulant to blood volume, storage time in the anticoagulant, and 
temperature of the blood sample. The fact that the HCT increased by 17.6% over 24 h is 
important for laboratories receiving samples by mail or courier. Because of this, an 
anaemic patient may appear normal. We suspect that this occurs because the osmolarity 
of the Sysmex diluent is 250 mosm/kg, while the diluent of the CellDyn is 312 mosm/kg. 
This hyperosmolarity is used to make the flat erythrocytes more spherical for easier 
counting. However, as erythrocytes age, they lose their osmotic resistance. As a 
consequence, the erythrocytes swell and MCV and HCT increase. Also worth noting is 
the fact that RETs increased over 24 h by 41%. This effect could cause a non-
regenerative anaemia to appear as a regenerative anaemia. Nevertheless, analysis of blood 
samples can be performed up to 8 h after collection without significant loss of accuracy. 
 
Conclusions 
The Sysmex XT-2000iV is suitable for use with feline blood. Quantitation of 
RETs allowed for the characterization of regenerative versus non-regenerative anaemias. 
The extension of neutrophils towards the lymphocyte population is a reliable indicator of 
the presence of immature neutrophils. Like all automatic cell counters, the instrument has 
limited ability to recognize abnormal cell morphologies and blood cell precursors. The 
message codes provided helpful directions in determining which samples to analyse 
microscopically. 
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Table 1 Reference values of haematological parameters for cats (n = 58) used in 
this study 
 
 
 
 
 
 
 
Red blood cell count (RBC), haemoglobin (HGB), haematocrit (HCT), mean corpuscular 
volume (MCV), mean corpuscular haemoglobin concentration (MCHC), platelets (PLT), 
white blood cell count (WBC), neutrophil granulocyte count (NEU), lymphocyte count 
(LYM), monocyte count (MONO), eosinophil granulocyte count (EOS), reticulocyte 
count and percentage (RET). 
Parameter Value (5%-, 95% quantile) 
RBC (106/µL) 7-10.7 
HGB (g/dL) 11.3-15.5 
HCT (%) 33-45 
MCV (fL) 41-49 
MCHC (g/dL) 33-36 
RET (/µL) < 60’000 
RET (%) < 1 
PLT (103/µL) 180-680 
WBC (103/µL) 4.6-12.8 
LYM (103/µL) 1.05-6 
MONO (103/µL) 0.046-0.678 
NEU (103/µL) 2.315-10.134 
EOS (103/µL) 0.1-0.6 
Table 2 Linearity of the measurement range of blood samples from cats with coefficient 
of correlation and the range of the tested parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Parameter Coefficient 
of 
correlation 
(r) 
Range of linearity Linearity range 
reported by the 
manufacturer 
WBC x 103/µL 0.996 0.05-100  0-310 x 103/µL 
NEU x 103/µL 0.996 0-5.03   
LYM x 103/µL 0.994 0-1.62   
EOS x 103/µL 0.986 0-0.37   
RBC x106/µL 0.999 0.18-19.6  0-14 x 106/µL 
HGB g/dL 0.999 0-29.1  0-25 g/dL 
HCT % 0.999 0-82 0-70 % 
RET x 103/µL 0.964 0-98.2  0-3 x 106/µL 
PLT x 103/µL 0.99 0-4140  0-2000 x 103/µL 
Table 3 Agreement between the Sysmex XT-2000iV and the reference methods 
(CellDyn 3500, manual differentiation, manual platelet count, manual reticulocyte count) 
 
Parameter Sample 
number 
n 
Coefficient 
of 
correlation 
(r) 
Intercept 
with 
95%CI 
Slope with 
95% CI 
Bland-Altman 
difference plot, 
Bias with 95% 
limits of 
agreement 
P a 
WBC 409 0.98 -0.07 (-
0.17 to 
0.06 
1.05 (1.04 
to 1.06) 
0.76 (-5.05 to 
6.56) 
<0.0001 
NEU  193 0.98 0.11 (-
0.06 to 
0.27) 
0.99 (0.97 
to 1.01) 
-0.13 (-3.598 
to 3.348) 
0.9277 
LYM  193 0.92 0.1 (-
0.04 to 
0.25) 
1.12 (1.03 
to 1.22) 
0.37 (-1.503 to 
2.240) 
<0.0001 
MONO  201 0.65 0.02 (-
0.04 to 
0.08) 
1.42 (1.25 
to 1.64) 
0.26 (-1.032 to 
1.553) 
<0.0001 
EOS  208 0.87 0.04 
(0.02 to 
0.97 (0.89 
to 1.05) 
0.02 (-0.355 to 
0.386) 
0.002 
0.05) 
BASO  216 -0.03 0.0 (0.00 
to 0.00) 
0.57 (0.25) -0.00 (-0.235 
to 0.233) 
0.4391 
RBC 409 0.99 -0.05 (-
0.10 to 
0.01) 
1.01 (1.00 
to 1.02) 
0.013 (-0.293 
to 0.320) 
0.17 
HGB 409 0.99 -0.87 (-
0.97 to -
0.80) 
1.08 (1.07 
to 1.09) 
0.00 (-0.606 to 
0.605) 
0.4414 
HCT 409 0.97 -1.35 (-
2.12 to -
0.70) 
1.05 (1.03 
to 1.08) 
0.39 (-3.5 to 
4.3) 
0.001 
MCV 409 0.95 -14.88 (-
16.94 to -
12.84) 
1.32 (1.28 
to 1.37) 
-1.87 (-6.16 to 
2.41) 
 
<0.0001 
MCH 409 0.95 0.58 
(0.00 to 
0.91) 
 0.96 (0.93 
to 1.00) 
-0.10 (-0.975 
to 0.769) 
0.0004 
MCHC 409 0.42 -68.58 (-
85.73 to -
55.64 
3.06 (2.68 
to 3.57) 
1.58 (-3.09 to 
6.24) 
<0.0001 
RET  100 0.73 14606 
(6765 to 
25813) 
1.52 (1.22 
to 1.80) 
50293.2 (-
101920 to 
202507) 
<0.0001 
RET % 100 0.85 0.48 
(0.25 to 
0.67) 
1.35 (1.12 
to 1.71) 
1.08 (-2.38 to 
4.54) 
<0.0001 
IRF  100 0.75 1323 (-
539 to 
2272) 
0.28 (0.23 
to 0.33) 
-51102 (-
192036 to 
89832) 
<0.0001 
IRF % 100 0.85 0.02 
(0.00 to 
0.05) 
0.29 (0.25 
to 0.33) 
-1.43 (-6.49 to 
3.64) 
<0.0001 
PLT 100 0.95 -0.89 (-
6.80 to 
7.53) 
0.96 (0.91 
to 1.03) 
-10.4 (-109.5 
to 88.6) 
0.0683 
 
a
 Significance of differences of methods evaluated by the Wilcoxon matched-pairs 
signed-ranks test.  
Table 4 Precision in series of the manual differential 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Mean (%) S CV 
STAB NEU 0.4167 0.6686 160.45 % 
SEG NEU 77.6667 4.6775 6.02 % 
LYM 15.5833 3.5792 22.97 % 
MONO 2.5833 1.9287 74.66 % 
EOS 3.75 1.9129 51.01 % 
BASO 0 0 0 % 
Figure legends 
Fig 1a: Feline scattergram of the WBC DIFF channel. Leukocyte populations are 
represented by coloured clouds: neutrophils and basophils light blue, lymphocytes purple, 
monocytes green, eosinophils red, and cell trash (ghost) dark blue. 
 
Fig 1b: Feline scattergram of the WBC DIFF channel showing left shift of neutrophils. 
The grey cell cloud cannot be differentiated by the instrument and represents a fusion of 
the mature granulocyte and lymphocyte population. 
 
Fig 2: Linearity of the measurement range for RBC over a range of 0.18-19.6 106/µL. X-
axis: dilution series; Y-axis: RBC values measured by the Sysmex XT. 
 
Fig 3: Comparison of the Sysmex XT with the Cell-Dyn 3500 resp. manual hematocrit, 
microscopic differential, manual RET count and PLT chamber counting. For WBC, RBC, 
HCT, PLT, RET, NEU, LYM, EOS, MONO Bland-Altman difference plots are shown. 
The thin black horizontal line is the line of identity. The dark blue line indicates the bias 
(mean difference between methods), with their confidence intervals as dashed dark blue 
lines. The dashed light blue horizontal lines are the 95% limits of agreement with their 
95% confidence intervals. Figures for HCB, RBC indices and BASO are presented as 
Supplementary File 3. 
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Fig 3 Bland Altman difference plots for WBC count, RBC count, HCT, PLT count, NEU 23 
count, LYM count, EOS count, MONO count and RET count. 24 
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